The surgical treatment of acute colonic diverticulitis is associated with significant morbidity and mortality. However, patient and operative characteristics associated with mortality in this patient population are unclear. We hypothesize that demographic and perioperative variables can be used to predict postoperative mortality. The purpose of this study was to identify perioperative variables predictive of postoperative mortality after emergent surgery for acute diverticulitis.
I
ndications for emergent surgical intervention for acute colonic diverticulitis include free perforation or abscess formation not amenable to percutaneous drainage. In addition, a number of patients with diverticulitis present with acute colonic obstruction requiring an emergency operation. Colon perforation is estimated to occur in 15% of patients with symptomatic diverticulitis 1 and carries a postoperative mortality of up to 40% in the setting of generalized peritonitis.
2Y4
Emergent surgical treatment for diverticulitis is necessary in approximately 15% of admitted patients and costs more than $86,000 per hospital admission. 5, 6 Despite the relatively high incidence of acute diverticulitis, predictors of postoperative mortality in patients requiring surgery have not been clearly defined in the US population. Knowledge of these predictors could guide postoperative treatment and improve selection and/or preparation of patients for surgery. Different case series indicate that both preoperative variables (comorbidities and American Society of Anesthesiologists [ASA] class) 7, 8 and intraoperative characteristics (Hinchey classification and Mannheim peritonitis index) 8, 9 could be associated with postoperative mortality. These retrospective studies have included small numbers of patients and have compared outcomes in patients undergoing Hartmann's procedure or primary anastomosis, with mortality not being the main outcome of interest. 7Y9 Given the small size of these single-institution series, conclusions are limited in their usefulness. In contrast, multi-institutional databases have the ability to systematically compare many characteristics in large patient populations focusing on a single outcome measure. Such databases have not been used to define variables associated with mortality after surgery for acute diverticulitis.
We hypothesize that mortality after emergent surgery for diverticulitis can be predicted using patient demographic characteristics and perioperative variables. In this study, we have used a sample of patients undergoing emergent surgery for acute colonic diverticulitis from the American College of Surgeons (ACS) National Surgical Quality Improvement Program (NSQIP). Our aim was to determine postoperative mortality and its predictors on a national scale.
PATIENTS AND METHODS

ACS NSQIP
Details of the ACS NSQIP are well described in the literature. 10 Its database provides risk-adjusted 30-day outcome data on postoperative patients at participating institutions, which presently include more than 250 hospitals in the United States and Canada, ranging in size from small community medical centers to tertiary academic institutions. Information is collected using medical chart review and other methods by a dedicated surgical clinical reviewer at each site and includes 6 demographic, 57 preoperative, 19 intraoperative, and 42 postoperative variables. The surgical clinical reviewer is trained using a uniform set of data definitions by the ACS and is overseen directly by an ACS NSQIP nurse coordinator as well as monitored remotely by the ACS via completion of weekly case studies. They must also pass an annual certifying examination to ensure competency.
Inclusion Criteria
In return for participation, each NSQIP institution gains free access to participant use files (PUFs) containing all Health Insurance Portability and Accountability Act-compliant individual patient data submitted to the NSQIP database. 
Variables and Outcomes
Explanatory variables were (1) demographics (sex, race, and age); (2) measures of preoperative health and comorbidities (body mass index, recent weight loss, diabetes, use of alcohol and tobacco, functional status, chronic obstructive airways disease, current pneumonia, dyspnea, coronary artery disease, peripheral vascular disease, neurologic dysfunction, hemodialysis dependence, corticosteroid use, ascites, esophageal varices, congestive heart failure, bleeding disorder, recent blood transfusion, chemotherapy or radiotherapy, presence of open or infected wound, recent surgery, probability of morbidity, probability of mortality, and ASA class); (3) preoperative laboratory values (albumin, alkaline phosphatase, total bilirubin, creatinine, platelet, leukocyte, aspartate aminotransferase, and sodium levels); and (4) intraoperative variables (wound class, operative time, and intraoperative blood transfusion). Thirty-day postoperative mortality was our outcome of interest.
Statistical Analysis
Univariate analyses were performed to determine the association between explanatory variables and postoperative mortality. Wilcoxon rank-sum tests and W 2 tests were used to compare continuous and discrete variables, respectively. All explanatory variables with p G 0.10 on univariate analysis were included in a stepwise logistic regression model to examine predictive ability for postoperative mortality. To avoid multicollinearity for the purpose of causal modeling, only one variable was included from each set of intercorrelated variables in the stepwise regression model as follows. Pearson's correlation was used to test all preoperative laboratory values that were significant at the p G 0.10 level on univariate analysis; serum albumin showed correlation with hematocrit, and serum albumin was selected; serum creatinine and blood urea nitrogen also showed correlation, and serum albumin was selected. The cutoff levels of serum albumin (2.5 g/dL and 3.4 g/dL) and creatinine (1.2 mg/dL) were arbitrarily chosen. Clinically relevant categories of low, high, and missing data for these laboratory values were created and included in the model to handle missing data. Data from 2005 to 2008 were used to develop a model predictive of postoperative mortality; this model was then validated using 2009 data. The predictive accuracy of this model was determined using concordance indices (c indices). The c index is the probability that, for each randomly generated pair of patients from a data set, the patient with more risk factors for mortality is less likely to survive compared with the patient with fewer risk factors. A prognostication system with a c index of 1 indicates that the correct outcome was predicted in all cases, a c index of 0 implies that the incorrect outcome was predicted in all cases, and a c index of 0.5 means that the correct outcome was predicted 50% of the time (in effect demonstrating no predictive ability). Analyses were performed using SAS 9.2 for Windows (SAS Institute, Cary, NC). p values were two-tailed.
RESULTS
Demographics, Preoperative Health Characteristics, and Comorbidities
Analysis of PUF for 2005 to 2008 retrieved 2,214 patients who met inclusion criteria, with a 5.1% 30-day postoperative mortality. Unadjusted comparisons show that female patients had significantly higher mortality (p = 0.003). Nonsurvivors were older (p G 0.001) and had a significantly higher prevalence of all comorbidities (Table 1) . In addition, patients in the mortality group had lower albumin levels (p G 0.001) and hematocrit levels (p G 0.001) and worse renal function as evidenced by their higher blood urea nitrogen (p G 0.001) and creatinine levels (p G 0.001) ( Table 2) . A number of operative variables were also associated with differences in postoperative mortality on univariate analysis (Table 3) . Laparoscopic approach and primary anastomosis were associated with lower mortality rates compared with open surgery (p = 0.003) and fecal diversion (p G 0.001), respectively. Nonsurvivors had longer operative times (p G 0.001) and higher intraoperative transfusion requirements (p G 0.001).
Multivariable Analysis
Explanatory variables with a significant difference in prevalence (p G 0.10) between survivors and nonsurvivors were entered into a stepwise logistic regression analysis model, and nine variables were found to be independent predictors of mortality (Table 4) There was a gradual increase in postoperative mortality with increasing numbers of predictors in any one patient. Those with no predictors had 0% mortality, whereas patients with 7 predictors had 75% mortality. No patients had more than seven predictors (Fig. 1) . Only variables with significant differences are included. BMI, body mass index; COPD, chronic obstructive pulmonary disease. 
Models Predictive of Postoperative Mortality
Using the concordance index (c index), we calculated the predictive ability for mortality of a model incorporating all nine variables shown to be independently associated with this outcome. The concordance index (c index) for this nine-variable model applied to 2005 to 2008 data was 0.901.
To create a simpler model that would not require NSQIP definitions of its variables, we then excluded functional class, dyspnea, ascites, radiotherapy, and corticosteroid use. Hence, we calculated the c index of a four-variable model consisting of age, ASA class, serum creatinine and albumin levels, all of which can be measured without a NSQIP definition. The c index for this four-variable model was 0.886. Again, there was a gradual increase in mortality ranging from 0.2% when all predictors where absent to 53.4% when all four predictors were present (Fig. 2) . The 2009 NSQIP PUF was then analyzed, and 669 patients who met the same inclusion criteria for emergent surgery for diverticulitis as for the 2005 to 2008 data were found. The four-variable model was then tested for predictive ability on these 669 patients, that is, on data that were not used to develop this model, and the c index was 0.893.
The predictive ability of three-variable and two-variable models was also tested. c indices exceeded 0.80 for all models (results not shown) but were lower than those of the four-variable model. No single variable had a stronger predictive effect on the previously mentioned two-and three-variable models.
DISCUSSION
Despite the high incidence of acute diverticulitis requiring emergent surgery, the variables that define postoperative mortality in this patient population are unclear. In this study, we have Figure 1 . In a predictive model consisting of nine predictive variables, mortality after emergent surgery for acute diverticulitis increases with increasing numbers predictors. No single patient had more than seven predictors. Numbers of patients are shown below mortality rates. Figure 2 . In a simplified predictive model consisting of four predictive variables, mortality after emergent surgery for acute diverticulitis increases with increasing numbers predictors. Numbers of patients are shown below mortality rates.
used the ACS NSQIP database in an attempt to identify these variables and obtain an estimate of postoperative mortality in a large cohort of US patients. We have found that 30-day postoperative mortality is 5.1% and can be predicted using preoperative and intraoperative variables.
Our first observation is that the 5.1% 30-day mortality after surgery for acute diverticulitis is comparable with that reported by others. Mortality has ranged between 0% and 12% in retrospective case series. 7, 9, 11, 12 In large database studies, a recent review of the US Nationwide Inpatient Sample (NIS) showed a decrease in postoperative mortality from 5.7% to 4.3% between 1999 and 2005. 6 Analysis of the Medicare Provider Analysis and Review database showed a 8% mortality in patients older than 65 years undergoing emergent surgery for acute diverticulitis, 5 while postoperative mortality calculated from New York state data is just more than 9%. 13 We have found that age, functional status, dyspnea, ascites, ASA class, preoperative radiotherapy and corticosteroid use, and serum albumin and creatinine levels are independent predictors of mortality after emergent surgery for acute diverticulitis. Interestingly, all these variables can be determined preoperatively and indicate that frail patients, not surprisingly, have the highest mortality. In contrast, the intraoperative variables included in our study (wound class, operative time, and intraoperative blood transfusion) did not independently predict our outcome of interest. Most of these variables have been previously shown to affect morbidity and mortality after other types of elective and emergent surgery. In addition, some of them have been shown to predict mortality after emergent surgery for acute diverticulitis. 5Y7,9,14Y18 In this setting, age is one of the most well-studied mortality predictors in epidemiologic studies. US NIS data reveal a 0.5% mortality in patients younger than 45 years that increases to 12.4% in the group of older than 75 years. 6 In their review of the Medicare Provider Analysis and Review database, Lidor et al. 5 showed that unadjusted mortality increased from 4% in patients 65 years to 69 years to more than 15% in those older than 85 years. ASA class is an indicator of severity of comorbid medical conditions and has also been shown to correlate with overall complications, mortality, and anastomotic leak rate after colon resection for perforated diverticulitis in multiple retrospective case series. 7, 9, 14 Similar to our findings, functional/neurologic status and serum albumin and creatinine levels have been shown to correlate with morbidity and mortality after colon resection for any indication. 15Y18 In contrast, dyspnea, ascites, preoperative radiotherapy, and corticosteroid use have not been previously shown to affect outcomes of colon resection for acute diverticulitis.
We have found that inclusion of the previously mentioned nine variables in a predictive model can estimate mortality with high accuracy, as determined by a concordance index of 0.901. We decided to exclude five of the previously mentioned nine variables to create and test a model that would exclude NSQIPspecific definitions, such as those for functional class, dyspnea, ascites, and preoperative radiotherapy or corticosteroid use. Hence, we only included age, serum creatinine and albumin levels, and ASA score in an abbreviated prognostication system. None of these variables require NSQIP definitions and, with the exception of ASA class, are objectively measured numeric variables. Interestingly, the predictive value of this simplified model was comparable with that of the nine-variable model, with a c index of 0.886. Since we excluded five variables arbitrarily and not based on statistical criteria, we validated our model by testing its predictive ability on a separate cohort of patients who met the same inclusion criteria. When applied to 669 patients included in the 2009 NSQIP data set, our prognostication system showed an even higher predictive ability, with a c index of 0.893. These values compare favorably with c indices from nomograms developed to predict individual outcomes for patients with pancreatic adenocarcinoma, hepatocellular carcinoma, extremity sarcoma, gastric adenocarcinoma, and pancreatic neuroendocrine tumors, which range from 0.64 to 0.81. 19Y23 In our four-variable model, there is a gradual increase in mortality with increasing numbers of predictors, ranging from 0.2% in patients without any predictors to 53.4% when a patient has all four predictors. Even when all four predictors are present, a patient still has a significant probability of surviving an operation. Hence, our model provides an estimate of mortality but cannot be used to decide when emergent surgery for acute diverticulitis is futile. However, mortality rates associated with different scores might be helpful in providing more information for patient counseling. Research in other postoperative outcomes besides mortality in this setting is necessary to guide the decision to offer patients surgical treatment. These outcomes might include postoperative morbidity, length of intensive care unit and overall hospital length of stay, discharge to rehabilitation facilities, permanent organ dysfunction, and others.
This study has a number of limitations, some of which are inherent to the use of a large database that is not designed for patients with diverticular disease. Currently, no such registry exists and other authors of large population-based studies in diverticulitis patients have used the NIS, state-specific registries, and Medicare data. 5, 6, 13 First, the precise indications for surgery in this cohort of patients with colonic diverticulitis are unknown. As described by Hinchey et al., 24 acute diverticulitis covers a spectrum of severity ranging from localized abscess formation to generalized fecal peritonitis. In addition, bowel obstruction in the setting of acute diverticulitis can be an indication for emergent surgery. The information included in the NSQIP database does not permit distinguishing between these presentations. In addition, the use of a multi-institutional database has a number of disadvantages related to the data heterogeneity. Owing to the large number of teaching and community institutions participating in the NSQIP, we suspect our reported outcomes accurately reflect the national average, but we have no data to substantiate this hypothesis.
In conclusion, our analysis of NSQIP data show a 5.1% postoperative mortality in patients undergoing emergent surgery for acute diverticulitis. Age, functional status, dyspnea, ascites, ASA class, preoperative radiotherapy, and corticosteroid use and serum levels of creatinine and albumin are independent predictors of mortality in this patient population. Tools such as these may prove useful in the preoperative counseling of patients and in determining how to best optimize these patients before surgical intervention.
